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Introduction 
It is important for a scientific study to be reproducible by the reader of the study. This ensures reliability of the study's findings and helps a discipline grow through replication of the study for different datasets and different settings thus accumulating independently verified scientific knowledge. For this purpose, the data as well as the code for a study should be publicly available. This favors the use of open source software for analysis since a proprietary software would limit access to the reader due to licensing requirements.
While the base R software (The R Foundation, n.d.) is updated a few times a year, there were over 10000 user-contributed packges at the Comprehensive R Archieve Network (CRAN) at the time of writing of this document. These user-contributed packages are frequently updated and new packages are added to CRAN at an exponential rate. Most new developments in R occur through these usercoontributed packages. One recent major addition to R is the tidyverse set of packages (Wickham, 2016; Wickham & Grolemund, 2017) . The tidyverse is a set of packages that share a common design philosophy of Hadley Wickham and provide a consistent framework for data science with R. There are four basic principles to a tidy API (Wickham, 2017) .
The tidyverse significantly extends the capabilities of R for data science and library (tidyverse) loads the following core packages ("Tidyverse packages", n.d.):  readr for data importing;  tibble for a modern way of data representation;  tidyr for data tidying;  dplyr for data manipulation;  ggplot2 for data visualization; and  purrr for functional programming.
Tidyverse's capabilities are extended by other tools and specialized packages. Here are the main tools and packages as they relate to various stages of data science ("tidyverse", n.d.):  Workflow -scripts, projects, etc.  Import -readr, readxl, heaven, etc.  Wrangle -tibble, tidyr, dplyr, stringr, forcats, lubridate, hms, blob, etc.  Visualize -ggplot2.  Program -purrr, rlang, magrittr, glue, etc.  Model -modelr, purrr, broom, etc.  Communicate -RMarkdown, ggplot2, etc. While the best place to learn about tidyverse is Wickham & Grolemund (2017) , other resources are also available to enhance one's knowledge about tidyverse (Held, 2017; Levy, 2016; Wickham, 2016; R Views, 2017 ; and "The tidyverse: dplyr, ggplot2, and friends", n.d).
Purpose and scope. The purpose of this study is to illustrate the use of tidyverse tools in R for data science. The complete data analysis framework is presented here by using publicly available data on 65 Quick Service Restaurants 3.2. Visualization. Dot plots for sales, unit_avg, and acsi are displayed below. For each of these plots, the mean value is displayed in other color. The cowplot package was utilizied to display multiple ggplot plots together. Multiple plots can also be displayed together by using a function written by Chang (n.d.). 0
Fig. 2. QSR characteristics by segment
While the leaders in each segment are dispayed in the above figures, two restaurants stand out. McDonald's has the highest level of sales but a low level of ACSI. Chick-fil-A, on the other hand, had a high level of sales per unit and also higher level of ACSI than McDonald's. The number of restaurants by segment, from most to least were burger, sandwich, snack, chicken, ethnic, pizza, and seafood restaurants.
Box plots and violin plots
The box plots and violin plots for sales and unit_avg sales are displayed below. The violin plot is a compact version of the density plot that is displayed as a boxplot (Wickhham, 2016 ).
Fig. 3. QSR boxplots and violin plots by segment

Company sales and average sales per unit versus ACSI
The relationships between company sales (sale) and ACSI (acsi) and also between Average Sales per Unit (unit_avg) and ACSI (acsi) are displayed next. These relationships explore overall patterns at the industry level and address research question #3.
Fig. 4. QSR sales by ACSI and unit average sales by ACSI
Best-in-segment sales and within-segment relationships
The data for ACSI were not available for all companies so the mean value was substituted for missing acsi values.
The companies with the best-in-segment sales were identified in a plot of the relationship between Sales and ACSI. Next, linear relationships among companies were displayed within each segment. These relationships address research question #4 at the segment level. 
Best-in-segment average sales per unit and within-segment relationships
Next, the best companies in each segment were identified for their Average Sales per Unit (unit_avg). The data for ACSI were not available for all companies so the mean value was substituted for missing acsi values.
The Average Sales per Unit were plotted against ACSI. For each set of plots, the first plot displays only the companies while the second plot displays linear relationships among companies within segments. Table 5 provides summary statistics, Table 6 presents mean values by segment, and Table 7 shows the outlier restaurant which is McDonalds.
The correlations and histograms show a large, positive, and significant relationship between the number of units of a restaurant (units) and its Sales (sales). However, there is no statistically significant relationship betweeen ACSI and Sales of a restaurant. The histograms show skewed distributions for most variables that are largely corrected by log transformation of these variables. (1)
It is postulated that the Sales of a restaurant are positively related to its ACSI and also to its number of Units.
This general model was specified as an additive model and as a multiplicative model for estimation. 
The model specifications in (2) and (3) are linear in parameters that can be estimated by OLS regressions. The estimated additive model is given by:
The standardized model is given below:
#> acsi units #> "0.042" "0.821"
The standardized (beta) regression coefficients indicate that the influence of the number of restaurants (units) on Sales (sales) is about 20 times greater than that of ACSI on Sales.
The estimated multiplicative model (converted to the log-log scale) is given below: 
Fig. 8. Diagnostic plots (log-log OLS model)
The global test of the assumptions of the regression model was performed by the gvlma package. The results (Table 9 ) showed no violations of the assumptions of the regression model. This was also confirmed by four diagnostic plots, namely, Residuals vs Fitted, Normal Q-Q, Scale-Location, and Cook's Distance plots. Table 16 presents the model quality measures for each segment while Table 17 presents the regression coefficients for each segment.
Answer #4. The models depicting the relationship between Sales and ACSI at the segment level were statistically significant and had high adjusted R squared values (71% -90%) implying good models for prediction. The seafood segment was excluded due to limited dataset of only two restaurants.
The tidy option in the broom package facilitates displaying the regression coefficients of multiple models.
The relationship between Sales and ACSI varied by segment:
 It was positive and statistically significant for chicken and ethnic restaurants.  It was negative and not statistically significant for sanck, burgers, and pizza restaurants.  The seafood segment was excluded due to limited dataset of only two restaurants.
Limitations
Like most studies, this study had some limitations as well:
 The main limitation was a small sample of 65 restaurants that were divided into seven segments. Some segments had too few restaurants to develop significant regression models. For example, the seafood segment had only two restaurants so a regression analysis could not be performed for this segment. Therefore, for segments with very few restaurants, the earlier visual models were quite useful.  In addition, the ACSI score was not available for all resaturants so the mean value for this variable was substitued for the missing values.  The factors influencing profit or customer satisfaction of a restaurant were not investigated. 
Conclusion and recommendations for future research
This study utilized the open source R language and environment and the tidyverse package to analyze the role of American Customer Satisfaction on the Sales of Quick Service Restaurants in the US. The answers for the four research questions in this study are summarized below:
1. There were seven QSR segments: burger, chicken, sandwich, pizza, seafood, ethnic, and snack. 2. The leaders in each QSR segment were listed by seg_rank: McDonald's (burger), Chick-fil-A (chicken), Subway (sandwich), Pizza Hut (pizza), Captain D's (seafood), Taco Bell (ethnic), and Starbucks (snack). 3. This study showed a positive relationship between Sales, the number of restaurants, and American Customer Satisfaction (ACSI) with a QSR restaurant. While the overall model was good and statistically significant, the regression coefficient for the number of restaurant units was statistically significant, that for ACSI was not statistically significant.
The relationship between Sales and American
Customer Satisfaction with a QSR varied by QSR segment. It was statistically significant and positive for chicken and ethnic restaurants and not significant for other segments. The relationship between Sales and the number of restaurant units was positive and statistically significant for all segments.
In addition, McDonald's and Chick-fil-A stood out from other QSR restaurants. McDonald's had the largest sales volume but the lowest customer satisfaction level, while Chick-fil-A had the highest customer satisfaction level and highest average sales per unit. It should also be noted that, unlike other QSR in the industry, Chick-fil-A is closed on Sundays. Both of these restaurants were the leaders in their own segments.
Studies that can be reproduced and replicated by the readers help in accumulating scientific knowledge in a discipline. For this purpose, it is imperative to utilize open source software and make both the code and the data publicly available.
Future researchers should reproduce this study with the R code and data provided here and replicate these findings with data for other years. They should also utilize a larger sample size and larger samples per segment for their model building efforts.
They should also improve upon the linear model used here by exploring non-linear models and by utilizing more comprehensive data about characteristics of various restaurants. They should also replicate these findings for data from other countries. They could also explore factors that influence a company's profit and customer satisfaction and provide guidelines to managers. # Helper function by Wickham & Grolemund (2016, p. 434) . Set number of digits to reasonable # accuracy and make it easier to read numbers by inserting commas. 
